Background {#Sec1}
==========

Cardiovascular surgery in children is a surgical procedure with a high risk of haemorrhage. This is due to several parameters: 1) cardiothomy: approach to large vessels (aorta and vena cava), 2) the technique used: Extracorporeal circulation induces hemodilution, depletion of coagulation factors, platelet dysfunction. The consequence of these elements is the occurrence of significant postoperative bleeding and pathophysiological abnormalities 3) the patient's low age; and 4) the low blood volume of the patients, ie any bleeding could represent an emergency situation for the surgical team.

Hemostasis is an important physiological procedure for healing wounds and minimizing bleeding, this procedure achieved through the successive stages of physiological coagulation. Rapid and efficient haemostasis is very important for most patients as well as for the medical profession and the health system in general, especially to health insurance funds that reimburse patients. In surgical practice, bleeding control pre- and intra-operative reduces significant blood loss and thus helps to minimize postoperative complications of bleeding (eg, transfusion with associated risk) \[[@CR1]\], postoperative infection \[[@CR2]\], prolonged hospital stay times).

The use of some fibrin-based biological glues is associated with significant improvement in patients with some heart problems \[[@CR3]\]. Biological glue has been widely used in Europe in several surgical procedures, including cardiovascular surgery \[[@CR4]\]. Its use has been associated with several advantages such as reduced operating time, minimization of localized bleeding, reduction of postoperative blood loss and reduction of the incidence of surgical revision following bleeding \[[@CR5]\]. Fibrin glue is used in cardiovascular surgery for several reasons: tissue sealing to control difficult bleeding on vascular anastomoses, promote hemostasis in patients under heparin, the use of highly porous vascular grafts, control of residual bleeding after embolization and surgical resection and during surgical operations to treat congenital heart defects \[[@CR6]\] it also facilitates thrombosis of an expanding abdominal aortic aneurysm \[[@CR7]\].

Conventional methods are generally used to properly control bleeding that occurs during cardiovascular surgeries. Unfortunately, these means are often associated with prolonged duration of intervention and persistent hemorrhages. They may also be associated with cardiovascular instability that may increase perioperative morbidity and mortality \[[@CR8]\].

The use of biological sealants has been promoted primarily based on their ability to enhance coagulation in addition to their capacity to create a mechanical barrier at the site of bleeding \[[@CR9]\].

The objective of our work is to study the contribution of fibrin glue to the improvement of the clinical parameters in the surgery of cyanogenic and non-cyanogenic congenital cardiopathies, especially volume of postoperative bleeding, length of stay in intensive care, volume of blood derivatives transfusion in two populations having undergone cardiac surgery, one in which we used the fibrin glue and one without fibrin glue.

Methods {#Sec2}
=======

This was a retrospective cohort study conducted between January 2012 and December 2015 in the Pediatric Cardiovascular Surgery Unit at the International University Hospital Cheikh Zaid in Rabat.

We compared two groups of patients operated by the same team to treat congenital heart diseases. The first group was operated for congenital heart disease without the use of fibrin glue and the second group using the fibrin glue after its introduction to the hospital.

The pre- and post-operative clinical data of the patients were analyzed. The hospital information system was used for this purpose. The main parameters and indicators analyzed were: the volume of post-operative bleeding, the use of blood transfusion and its derivatives, and the length of stay in intensive care inpatients.

Continuous variables are expressed as either a mean or median and categorical variables are expressed as a percentage. The comparison was made using the non-parametric tests of Mann Whitney or the Student test. Correlations were also made to compare the quantitative variables. The statistical analysis was done using the SPSS 13.0 software.

Results {#Sec3}
=======

One hundred ten patients were included in this study (20 patients were excluded because we did not have complete data in their medical records, 9 in the group of fibrin glue and 11 in the group without fibrin glue). The fibrin glue was used intraoperatively in 55 patients and not used in 55 patients. 43 (39.1%) had cyanogenic diseases and 67 (60.9%) had non-cyanogenic pathologies. The median age of our population is 405 days \[180--1822.5\]. Inter ventricular communication, atrioventricular duct and Tetralogy of Fallot, are the most frequent congenital cardiopathies in our series (24.5, 22.7, 21.8% respectively). The demographic and clinical characteristics of the study population are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Demographic and clinical characteristics of the study populationCriterionWith fibrin glueWithout fibrin gluepSex0.28 F22 (40%)26 (47.3%) M33 (60%)29 (52.7%)Age (median in day)360 \[180--2160\]510 \[210--1800\]0.60Weight (median in kg)7.7 \[5--15\]9.2 \[6--15\]0.32Type of pathology0.35 cyanogenic20 (36.4%)23 (41.8%) Non-cyanogenic35 (63.6%)32 (58.2%)Total bleeding volume (median in mL)132 \[70--200\]118 \[80--220\]0.96bleeding volume/kg (median in mL/kg)14.1 \[10--24.3\]15.6 \[7--21\]0.39Length of stay in intensive care2 \[2--3\]3 \[2--4\]0.02Number of units of transfused red blood cells2 \[2--3\]3 \[2--3\]0.005Number of units of fresh plasma frozen transfusion3 \[2--3\]2.9 \[3--3\]0.48Number of units of platelets transfused0 \[0--2\]0 \[0--0\]0.39

The volume of transfused red blood cells units was lower in patients in whom we used fibrin glue (2 vs 3 units, *p* = 0.005), as well as the number of days spent in intensive care (2 vs 3 days, *p* = 0.02). However, the difference was not significant between the two groups for other parameters such as bleeding volume per kg (14.1 vs 16 ml/kg, *p* = 0.39), the number of units of fresh frozen plasma (3 vs 3 units, *p* = 0.48) and the platelet units transfused (1 vs 0.7, *p* = 0.39).

The volume of bleeding increases with age significantly (r = 0.455, *p* \< 0.001), with weight (r = 0.369, *p* \< 0.001) and with CEC time (r = 0.281, *p* = 0.003).

Discussion {#Sec4}
==========

Although the safety of hemostatic fibrin sealants and their efficacy in reducing blood loss has been demonstrated \[[@CR10], [@CR11]\], there is a relative shortage of prospective clinical trials, particularly in pediatric cardiac surgery \[[@CR12]\].

For pediatric cardiac surgery, the need for perfect hemostasis is even greater due to the high incidence of coagulopathy following open-heart procedures \[[@CR13]\] and increased risks associated with the use of blood and blood products.

Our series is the largest series that has dealt with this subject at the national level and one of the largest at the international level. Fibrin glue was not available on the Moroccan market before 2012. After several requests, BAXTER took charge of the importation of the product and its introduction on the national market.

We tried to study the contribution of fibrin glue "Tissucol®" in patients who underwent cardiovascular surgery for congenital heart disease by comparing some clinical parameters between the two groups. The selected indicators are those found in the literature and are related to the bleeding and indications for fibrin glue. Bleeding by weight, hospital stay in intensive care after surgery, number of transfused units of red blood cells, fresh frozen plasma and platelet, all of these parameters were investigated and compared between both groups.

The results of our study are broadly similar to those in the literature. Thus, we found that the use of fibrin glue allowed the reduction of the number of units of red blood cells transfused to the patients after surgery, it also made it possible to reduce the stay of hospitalization in intensive care after surgery. However, the result that remains contradictory with those found in the literature is the insignificant difference in the volume of bleeding between the two groups. This is probably due to the difference between the two groups regarding demographic characteristics and the type of pathologies and surgery.

Twenty-four trials have been reported by Kjaergard and Fairbrother about the use of fibrin adhesives in cardiac surgery. Four studies reported no difference and 20 trials reported positive results in decreased bleeding \[[@CR14]\]. Furthermore, Lamm et al. reported several cases of acute occlusion when the "Tissucol®" fibrin glue was used near the anastomoses. This requires considerable caution when using this product \[[@CR15]\]. Other randomized controlled trials compared the use of a variety of topical hemostatic agents with variable efficacy and varying degrees of evidence in favor of their benefits \[[@CR5], [@CR12], [@CR16]--[@CR22]\].

Huth et al. reported that fibrin glue "Tissucol®" was used for local hemostasis in 21 patients undergoing Fallot tetralogy correction (ToF) and in 10 patients undergoing a Senning procedure in transposition of major arteries (TGA). The authors compared postoperative blood loss to 20 ToF patients and 10 TGA patients who had a correction one year ago without fibrin glue and found that two hours after surgery, bleeding with fibrin glue was lower than without fibrin glue (*p* \< 0.01) in patients with ToF and TGA. Over the next 18 h, the secretion of thoracic drains was identical in both groups \[[@CR23]\]. This result could be considered similar to our result since the overall bleeding volume is similar in both groups. It is likely that fibrin glue only reduces anastomotic bleeding, and after the first couple of hours most of the ongoing blood loss is related to the sternum and to the large raw surface in the mediastinum, which is identical in both groups.

Cyanogenic pathologies, mainly transposition of large vessels, Fallot's tetralogy, obstacles to the outflow pathway and pulmonary atresia are pathologies that cause more bleeding due to the pathophysiological mechanism of these pathologies and the large number of stitches and arterial remodeling performed. In almost all cases, cardiovascular surgeons use biological glue after sutures and anastomoses. In addition to the hemostatic effect reported in all the above studies, this may have a reassuring effect for the surgical and anesthetist team.

In the case of non-cyanogenic pathologies, for example inter-ventricular communication (IVC), inter-auricular communication (IAC), the atrio-auricular canal (CAV), the risk of bleeding is less than that of cyanogenic pathologies and the use of the biological glue is subject to the appreciation of the surgical team.

Codispoti et al. have showed, in a randomized controlled trial in pediatric cardiac surgery with coagulopathy, that there was a significant reduction in the use of blood products and time spent in the operating room to achieve hemostasis when the fibrin glue was used \[[@CR12]\].

We can thus deduce from the above that fibrin glues are mainly used in cardiovascular and cardiothoracic surgery as an adjunct to haemostasis, their effectiveness is reported and confirmed by several teams \[[@CR24]\]. Fibrin adhesives are also used in cardiovascular surgery to seal sutures, baselines, anastomoses, fistulas and injured surfaces \[[@CR25]\].

This study has three limitations. The first is that it is a retrospective study with all of the risks and bias associated with that type of studies. The second concerns the demographic characteristics (age and weight) of the two populations even if the difference is not significant (*p* = 0.60, *p* = 0.32 respectively), and the third concerns the distribution of the pathologies (cyanogenic and non-cyanogenic) in each group of patients even if the difference is not significant (*p* = 0.35).

Conclusions {#Sec5}
===========

In pediatric cardiac surgery, bleeding represents a dangerous situation that can complicate the surgical procedure and the post-operative follow-up especially in cyanogenic pathologies and pathologies requiring a significant number of sutures and remodeling.

Fibrin sealants can reduce postoperative complications by promoting hemostasis and the avoidance of blood loss. The reduction in hemorrhage also reduces the need for blood transfusions, which may lead to a reduced risk of viral infection.
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